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METHODS AND APPARATUS FOR CAMERA
PEN

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation-in-part of U.S. appli-
cation Ser. No. 08/772,158 filed Dec. 20, 1996 and is related
to U.S. patent application Ser. No.09/144,518, entitled
METHODS AND APPARATUS FOR ROBUST DECOD-
ING OF GLYPH ADDRESS CARPETS U.S. patent appli-
cation Ser. No. 09/144,251, entitled GLYPH ADDRESS
CARPET METHODS AND APPARATUS FOR PROVID-
ING LOCATION INFORMATION IN A MULTIDIMEN-
SIONAL ADDRESS SPACE, filed concurrently herewith.

BACKGROUND OF THE INVENTION

A. Field of the Invention

This invention relates to the construction of multi-
dimensional address spaces and, more particularly, to self-
clocking and address carpet glyph instantiations of such
address spaces and disambiguation techniques for address
carpets.

B. Background of the Invention

Self-clocking glyph codes, such as Xerox DataGlyphs, are
attractive for embedding machine readable digital informa-
tion in images of various types, including ordinary hardcopy
documents. These codes have substantial tolerance to image
distortion and noise because the digital information they
encode is embedded in and fully defined by explicit machine
readable marks (i.e., “glyphs”). These glyphs not only
encode the information that is embedded in the code, but
also define the sample clock that is employed to extract that
information from the code, so they are responsible for the
“self-clocking” property of the code as well as the distortion
and noise tolerance.

Another known advantage of self-clocking glyph codes is
that they ordinarily have an unobtrusive visual appearance.
This is especially so of codes which are composed of glyphs
which are written on a two dimensional spatially periodic
pattern of centers, such as a regular lattice-like pattern of
centers, because the spatial periodicity of the glyphs causes
the code to have a more or less uniformly textured appear-
ance. For example, logically ordered single bit digital quanta
typically are encoded by respective elongated slash-like
glyphs which are written on a two dimensional, spatially
periodic pattern of centers in accordance with a predeter-
mined spatial formatting rule, with the individual glyphs
being tilted to the left and right of vertical by approximately
+45° and -45° for encoding logical “0’s” and “1°s”, respec-
tively. The mutual orthogonality of the glyph encodings for
the two logical states of these single bit digital quanta
enhances the discriminability of the code sufficiently to
enable the embedded information to be recovered, even
when the code pattern is written on a sufficiently fine grain
pattern of center to cause the code pattern to have a generally
uniform grayscale appearance. It, however, is to be noted
that it also has been shown that self-clocking glyph codes
can be designed to encode multi-bit digital quanta in the
glyphs.

Prior proposals have dealt with the general subject of
constructing address spaces in the image domain by encod-
ing cyclical pseudo-noise digital bit sequences (sometimes
referred to as “PN sequences”) and other types of maximal
length-like digital bit sequences (i.¢., sequences of length, L,
in which every N-bit long subsequence is unique) in two
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dimensional spatially periodic self-clocking glyph code pat-
terns. One of the unifying themes of these prior proposals is
that they recommend constructing two dimensional address
spaces by mapping at least two bit sequences of the fore-
going type into such a code pattern so that these bit
sequences are encoded to propagate in predetermined direc-
tions along respective non-parallel lines of glyphs.

While it has been shown that the bit sequences need not
be mapped into the code pattern in alignment with the
principal axes thereof, it often is desirable to employ such
mappings to reduce the computations that are required to
determine the relative addresses of the glyphs in standard
Cartesian coordinates (i.e., “x” and “y” parameters
expressed in units of glyphs). Furthermore, it is known that
the encodings of these bit sequences may completely or
partially span the glyph code pattern, so it is to be under-
stood that the addressing that is afforded by them is effective
only within that portion of the glyph code pattern that
projects onto both of the encodings. Moreover, the afore-
mentioned bit sequences may be mapped into the glyphs on
these non-parallel lines at unitary or fractional duty ratios,
but it has been recognized that mappings preferably are
spatially cyclical for applications in which it is desired to
compute relative addresses for glyphs within the address
space.

Every bit in a maximal bit length sequence resides at a
predetermined uniquely determinable logical position within
the sequence. Accordingly, an ordered index of integers is
commonly employed to distinguish those bits from each
other on the basis of their respective ordinal logical positions
within the sequence. These positionally dependent index
numbers can, of course, be employed for selectively
addressing the glyphs which encode the bits of such a
sequence. However, addressing information in at least one
additional dimension is required to uniquely identify the
spatial locations of those glyphs or any other glyphs that are
included within a two dimensional glyph code pattern. These
unique identifiers of the individual glyphs are referred to as
“absolute addresses™ because they identify the unique loca-
tions at which the individual glyphs reside within the glyph
code pattern.

As is known, the spatial address (i.c., the absolute
address) of almost any given glyph in an address space of the
foregoing type is identifiable, at least to a first
approximation, by a metric which specifies the offset dis-
tances (if any) between the nominal center of the given
glyph and the non-parallel lines of glyphs that encode the
respective maximal length bit sequences, where these offsets
are measured parallel to the principal axes of the code
pattern and are expressed in units of glyphs. In applications
where the maximal length sequences are encoded by glyphs
on orthogonal lines which align with the principal axes of a
self-clocking glyph code pattern that is written on a regular
rectangular lattice of centers, the above-described metric
reduces to an x/y coordinate pair which identifies the spatial
location of the given glyph with substantial precision in a
standard Cartesian coordinate system. Unfortunately,
however, the intersections of the lines on which these
maximal bit length sequences are encoded tend to restrict the
freedom of design choice if there are glyphs at any of these
intersections.

It has been shown that this unwanted limitation on the
explicit spatial addressing of glyphs in self-clocking glyph
code patterns can be avoided if the glyphs are written on a
lattice of centers of predetermined width and/or height, so
that there are a known or determinable fixed number of
glyphs on every line of the code pattern along at least one of



